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o Film thickness is a critical parameter in many applications

Q

o 0o 0O 0 o0 o0 o

self-assembly of block copolymers
film stability / dewetting
pressure sensitive adhesives
fundamental polymer physics
barrier coatings

photoresists / imprint resists
electronic packaging

advanced coatings

a Offers arich parameter space to probe material properties and
response surfaces

a NIST flow coater opens the window to combinatorial libraries of
film thickness in the range of hm to um
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a Capillary forces hold polymer solution between a
stationary knife blade and a substrate

o Frictional drag is exerted on the solution as blade
accelerates over substrate

l

Low v -> capillary forces win
thinner films

High v -> drag wins
thicker films

Acceleration yields thickness gradient
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Flow coating - in action NIST
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Velocity profiles NIST
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o Mode 1: Uniform Film Thickness

a Acceleration is set very high
a Thickness dictated by maximum stage velocity (input v,,,)
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CONSTANT THICKNESS THICKNESS GRADIENT
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o Mode 2: Thickness Gradient Films

a Acceleration is set low
a Thickness dictated by instantaneous velocity (controlled by a)
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o| * Measurement - thickness |

2|+ Thickness measured via: hi
- Interferometry |

s - Ellipsometry

é - Profilometry

£| - Visudlization

. - Contour plots

2 - Surface plots
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Generating thickness gradients of thin polymer films via flow coating
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Thickness is a governing factor in the behavior of films and coatings. To enable
mecter in polymer systems, we detail the design and ope
wing continuous libraries of polymer film thickness over tilored ranges, Focusir
muodel polystyrene film libraries, we thoroughly outline the performance of
cal factors including device geometry, device motion, and polymer

analysis of this po
device for fubri
on the production ¢
flow coating by varying cr
solution parameters, [DOI: 10.1063/1.2173072]

L INTRODUCTION

The advent of combinatorial and high-throughput tech-
niques for drug di-.m\.:r!,' and more recently for materials
his illuminated the power of these methods
celeruting product discovery and functional knowledge gen
cration, Comb | and high-throughp hodolog
depend upon the ability to fabricate specimen litraries that
systematically survey paramelers of interest over wide
ranges. For materinls science, this entails producing
that spatially vary factors governing performance and behav-
for, such There
n and
ries consist of a collection of dis-

science,” -

2 librarics

and | g

P
are two main paradigms for materials library desi
fabrication. Discrete lil
tinct subspecimens arranged in an orderly array. Discrete
libraries offer wide surveys of lurge parameter spaces, but
Tabrication of these armays olten involves an exlensive robot-
bes infrastructure contrast, gradient libraries (considered
m this work) exhibit a gradual and continuous chunge in
one or more parameters a5 a function of position, By their
ent specimens have a limited scope; however,
such libraries offer an unparalleled means for thoroughly
mapping material behavior over a specific range of parameter
space and for exactly identifying critical phenomenon such
15 phase boundaries. Moreover, as discussed below, g
dient libraries can be produced with a modest investment in
equipment,

Beginning with the seminal work of Hanak," materials
researchers from several groups have introduced methods for
fabricating continuous gradients in a varicty pammeters,
such as composition," temperature,™” surface energy,™ and
UV exposure.” In concert with this growing body of re-
search, this anticle considers a method for cneating
ous gradient libraries in polymer film thickness. Tn the con
text of a combinatorial workflow, steep grdients provide o
of a phenomenon or process over a large pa-
¢ while shallow gradients offer access o finer

nature,

conting-

broad surve;
rameter s

details and higher resolution measurements. Our apparatus,
er,” has been demon-

which we have termed a “flow o

“Author 1 whom g sce should be

chris.stafford @ nist o

e high-throughput
fom of o

ow coaler™

strated in previous work from our group and others, These
former studies applied the device 10 map the effect of film
thickness on phenomena such as wetting."™"' block copoly-
mer morphology, and ¢ lng-’lnh‘lim'.“ " In the current
anticle, we detail the design and operation of our flow coater,
In particular, we provide an extensive set of data that dem-
onstrates the performance of the instrument over o vaniety of
critical factors including device geometry, device motion,
and polymer solution parameters.,

Il. DEVICE CONCEPTS

Flow coating is ideal for generating gradients in polymer
film thickness in the submicron regime. The apparatus, il
trated in Fig. |, consists of a stationary knife blade fixed m
some distance (gap height) above o movable st Typac:
gap heights from tens of microns to hundreds of mi-
croms, The substrate to be conted is rigidly fixed 1o the
and a bead of polymer solution is depositediwicked
the blade and the substrate, The blade is then accelerated
with respect to the substr:
upon a competition between (1) ¢ y forees holding the
polymer solution between the stationary knife blade and the
substrate, and (2} frictional drug exened on th
tion a5 the blade is pulled scross the substrte. Flow coating
is similar in concept 1o other metered flows such as dip coat-
ing and blade coating. Readers are referred 10 several review
anticles'™"" for details and further references on the
types of coating flows. However, an exact fluid mechanics
model that best represents the flow dynamics encountered in
our process has yet 1o be developed, and we arrently
generating an appropriate theoretical model to predict the
flow coating behavior documented in this work.

In flow coating. capill forces hold the polymer solu-
tion under the Bade ot the initial condition of zero veloc
v decrease due to evapora-
At low velocities, capil
forces still aim 1o keep the mate between the subst
and the blade, but frictional drag causes some solution 1o
escape under the knife blade. This muterial is left behind in
the form of a wet film, which then dries by solvent evapora-
tion. At higher velocities, the frictional drag increases and

L}
ang

ween

he flow coating process draws

i same solu-

wiOUS

over time, the volume will slow

tion of solvent from the &
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Mode I - constant thickness
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oo| Thickness is linear with velocity. Good start!
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Mode IT - thickness gradient NIST
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o Since thickness is linear with velocity, gradient should : T
3 also be linear with distance (instantaneous velocity). | thickness gradient
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Mode II - concentration NIST
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o | Thickness gradient can go from 10s of nanometers to several microns.
2| We have not explored the upper limit to the technique yet.
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Mode IT - solvent volatility NIST
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S solvent b.p. v.p. @ 20°C P n @ 20°C
3 (°C) (mm Hg) (g mL™) (cP)
p4 Chloroform | 60.5 - 615 160 1.492 0.58
Toluene 110 - 111 22 0.865 0.59
PGMEA 145 - 146 3.7 0.970 1.31
ks
a
= 250 : T .
g ¢ PGMEA .| =—— Drying time on the
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Applications - crystallization NIST
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Beers et al. Langmuir 2003, 19, 3935-3940.
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Walker et al. Langmuir 2003, 19, 6582-6585.
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Applications - BCP morphology NIST
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Smith et al. J. Polym. Sci. B: Polym. Phys. 2001, 39, 2141-2158.
Smith et al. Phys. Rev. Lett. 2001, 87, 015503.



Flow coating - next generation NIST
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>| o New stages

§ a Longer range of travel (100 mm)
a Higher velocities (63 mm/s)

5 a Limit / home switches

2 a Single motion controller

£l o Flow coater only requires one

7 stage; second stage provides

Z

mapping capabilities WWWWJ

a Total cost - $15k

o stages

a motion controllers
o PCT card
a

tip/tilt stage and brackets

Christopher M. Stafford
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% @ Future Work NIST

(o))
2 a Develop model for coating flows in this geometry
2 a Explore upper limit of thickness regime
a Non-linear acceleration profiles
S
s S S S
ARES £ S
a Q Q Q
sl S XS S
> - -
distance (a.u.) distance (a.u.) distance (a.u.)
b
£ a Other geometrical factors
5 G
E. e H Evaporation
g
[= N
i
E
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Future Work
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o We know the gap height and final film thickness.

a But we are blind to everything that
happens in-between.
a Specular reflectivity -> answers.

P4

CECD
camera
screen —» /
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S.Y. Heriot and R.A.L. Jones, Nat. Mater, 2005, 4, 782-786.
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§ Conclusions
2| o NCMC flow coater is a versatile combinatorial tool
o Can generate thickness gradients ranging from 10 nm to 10 um
s| o We have started benchmark tests
2| o Benchmarks will validate the coating flow model
s| Acknowledgments
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o Kristen Roskov - SURF student
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